The focus of drug development has moved from cytotoxic compounds identified by screening to therapies that act at specific molecular targets. Although some of these agents may cause visible tumor reduction and may be adequately evaluated by standard oncology drug development methods, other novel therapies may not be amenable to our current practices. Consequently, our concepts of drug development must evolve and address various questions. How should we approach the preclinical development of these agents? Which laboratory experiments are critical prior to studying these new agents in the clinic? What phase I design strategies are appropriate? Agents that target specific molecules may not cause toxicity at effective doses and, therefore, phase I concepts such as maximum tolerated dose (MTD) may not be relevant. What phase II designs suit these agents? Drugs that have a cytostatic effect may be overlooked if tumor response is required as a selection criteria. Phase II studies may not be necessary if the relevant end point is survival, which cannot be fully addressed without a large randomized phase III trial. What can we learn from other areas of medicine? Many nononcology drugs target specific end points and are developed in a pattern quite different from the formula used in oncology. Should we be adopting their methods of drug development?
At the 10th National Cancer Institute-European Organization for Research and Treatment of Cancer Symposium on New Drugs in Cancer Therapy, a workshop discussed these issues. In this commentary, we summarize some of the presentations. Although many new agents are entering or are already in clinical trials, it is imperative that we continue this dialogue with scientists, clinical researchers, cooperative groups, and industry and regulatory authorities because there is not yet an international consensus on how to approach the challenges that lie ahead.
PRECLINICAL ASSESSMENT
The current era of anticancer drug discovery and development is based on the concept that, by identifying small molecules and genes targeting the precise molecular abnormalities that create and drive the malignant phenotype (1), therapies will emerge that are both more effective and better tolerated than the traditional cytotoxic agents (2, 3) . Examples of molecularly targeted signal transduction agents include inhibitors of ras farnesylation and receptor kinase inhibitors. Approaches that target the tumor cell environment include metalloprotease and integrin inhibitors as well as antiangiogenic strategies. Such agents present a major challenge to the process of preclinical assessment. Preclinical studies must demonstrate that a candidate agent selected for clinical development acts by the desired molecular mechanism (e.g., inhibition of a specific receptor tyrosine) and thereby produces the desired biologic effect (e.g., inhibition of proliferation or the induction of apoptosis). The agent must also exhibit in vivo antitumor activity and a suitable therapeutic index (i.e., ratio of the dose that brings about an anticancer effect to the dose that brings about a toxic effect).
Traditional end points, such as simple tumor cell killing or growth delay, are not by themselves sufficient for this contemporary need. The opportunity presented is to replace such blunt instruments with more specific end points that are tailor-made for any particular molecular target. Mechanism-based approaches require corresponding mechanism-based end points. Replacing "black box" approaches with tailor-made assessments means that the process of anticancer drug discovery and development becomes less routine and places greater demands on the biologists and pharmacologists involved. In addition, there is pressure both in terms of unmet medical need and commercial concerns to deliver candidates for clinical development faster than ever before (4) . Companies that have already adopted aggressive time scales of 5-7 years from a potential new target to a development candidate are now seeking to shorten these still further. Faster development can be achieved only by exploiting the latest technologic advances, many of which are in their infancy and rapidly changing (5) . These technologies involve 1) methods developed for modern molecular biology and genomics/proteomics to identify and validate new therapeutic targets, 2) robotic high-throughput screening against structurally diverse chemical libraries to discover lead drugs (6,7), 3) combinatorial chemistry for the efficient generation of structural diversity and for rapid production of a library of structural analogues based on an identified lead compound (known as lead explosion) and optimization (8, 9) , 4) enhanced structural biology and molecular modeling techniques for rational drug design (10), 5) highthroughput pharmacokinetics assays (11) , and 6) the use of surrogate end points to monitor pharmacodynamics throughout the discovery and development process, particularly involving genomics (e.g., nucleic acid microassays) and proteomics (12) .
Bottlenecks exist. In particular, bottlenecks occur with respect to understanding the biologic function of genes discovered through genomic approaches, the validation of potential drug targets, conversion of lead drugs active in vitro into agents with drug-like properties and pharmacologic activity in the intact animal, and the establishment of appropriate assays to measure specific molecular mechanisms and biologic effects. Therefore, these are the areas that require the greatest attention in terms of technology development at the present time.
Whether a drug discovery program is based on screening, a structure-based approach, or some combination of these approaches, a robust, efficient, and informative test cascade is essential (13) . This should be based on a target profile that defines the essential and desirable properties of the molecule sought (e.g., in terms of potency, selectivity, pharmacokinetics, and therapeutic index). A typical contemporary test cascade consists of a series of hierarchical assays. These assays usually begin with an initial biochemical assay on the recombinant target protein and proceed to in vitro cell tests and in vivo evaluation of pharmacokinetic and pharmacodynamic behavior to a final cancer disease model such as a human tumor xenograft (Fig. 1) . When interesting agents are discovered because of a unique cellular fingerprint or because of an association with molecular target expression, as in the National Cancer Institute's tumor panel (14) , specific assays must also be applied to confirm the mode of action and optimize the lead drug.
Examples of the mode-of-action assays include analysis of the changes in phosphorylation of a particular target protein, the disruption of a protein-protein interaction, or the disruption of an appropriately engineered reporter gene system. A frequent point of failure in drug discovery programs is poor pharmacokinetic behavior when the agent progresses from testing in cell culture to testing in the intact animal (15) . Therefore, it is essential that these agents possess robust, "drug-like" properties (absorption, distribution, metabolism, and excretion) and the potential for sustained administration (e.g., for signal transduction inhibitors). This issue is being addressed by determining approximate pharmacokinetic properties of drug leads by the cocktail or cassette dosing approach that involves administering compounds at low doses in mixtures, followed by high-sensitivity high-performance liquid chromatography-mass to charge ratiomass spectroscopy analysis (16) . For initial pharmacodynamic end points, the hollow fiber tumor assay provides an "in vitro-in vivo hybrid" to bridge the divide between cell culture and animal experiments (17) . Surrogate markers of mode of action or biologic effect can be used alongside or instead of the hollow-fiber test. For example, an anti-inflammatory assay could be used to measure effective blockade of the phosphatidylinositol 3-kinase pathway.
The use of such pharmacokinetic and surrogate pharmacodynamic end points provides the advantages of rapid and potentially cost-effective turnaround of in vivo results and a less demanding hurdle during the in vivo lead optimization phase compared with a fullblown disease model. However, suitably optimized compounds will normally require testing in a more challenging biologic system. Human tumor xenografts are often used for this purpose (18) , but these models can be criticized as poorly predictive of the human disease (although it is, in fact, too early to judge this for the newer molecular targets) (19) . These concerns may be especially relevant where the drug effect sought inhibits angiogenesis or metastasis. A case can be made for the construction and use of more complex disease models, such as orthotopic systems (20) or transgenic animals (21), as was done for evaluating ras farnesylation inhibitors (22) . In some cases, wellcharacterized syngeneic models may have advantages over human tumor xenografts. It should be remembered that regressions might not be seen with signal transduction or cell cycle inhibitors, unless of course the agent induces apoptosis. In all situations, a decision to proceed to the clinic will require some evidence of activity in an in vivo disease model such as a human tumor xenograft. However, where there are real concerns about the clinical relevance of such models, a more controversial position is to look predominantly for evidence of "hitting the target" in preclinical in vivo models and to carry out the critical clinical hypothesis test in humans. Toxicologic evaluation is essential to ensure acceptable safety, to identify organs at risk, and to de- termine a safe phase I starting dose. However, because excessive preclinical evaluation can cause delay and is often poorly predictive, organizations such as the Cancer Research Organization and the European Organization for Research and Treatment of Cancer favor entering clinical trials after a relatively simple program of rodent-only toxicology testing (23, 24) .
There are major advantages to be gained if the mode of action and surrogate assays, ideally measuring biochemical effects as close as possible to the precise molecular locus, are capable of translation for use in the early clinical studies because they smooth the transition from preclinical assessment to human investigation. In this regard, noninvasive assays, such as magnetic resonance spectroscopy, magnetic resonance imaging (MRI), and positron emission tomography (PET), are especially attractive (25) .
PHASE I TRIAL DESIGN
Phase I trial design should incorporate the evaluation of safety and toxicity with a measure of the outcome at the molecular level. The ideal situation for proceeding from the laboratory to a clinical trial after a validated target effect is something that must be coordinated between the laboratory scientists and the clinical researchers before the initiation of the clinical program ( Table 1) . As described above, a comprehensive preclinical package is necessary, providing target plasma concentrations that inhibit the response by 50% and methodology for validating target inhibition or modulation in tumors or normal tissue.
Accelerated phase I designs (26) are becoming widely used for drugs that have conventional cytotoxic activity, and there is a wealth of clinical experience to justify this approach. However, most novel agents (e.g., inhibitors of metalloprotease, protein kinase C, and epidermal growth factor receptor kinase) have a much wider therapeutic ratio, and an MTD may be difficult or impossible to reach. Drugs acting on highly specific targets that may be differentially expressed or activated in cancer cells may result in low normal tissue toxicity; therefore, increasing a dose to normal tissue tolerance may be an irrelevant end point. If preclinical results can provide an end point, such as the free plasma concentration of the drug corresponding to levels in tumors high enough to inhibit the target, then it may be reasonable to increase the dose rapidly, followed by increasing the dose in multiples of the plasma concentration that inhibits the response by 50%. It may also be reasonable to establish the concentration of drug required to inhibit the target and then to use that dose in target-directed trials (i.e., phase II) without attempting to produce toxicity. Phase I design may require fixed dosing or possibly the random assignment of patients to different dose levels with doses chosen from the preclinical studies and based on the minimum dose required to inhibit the target.
The key end point in phase I trials for targeted therapies should evolve from the current idea of a MTD in normal tissue to a more suitable end point of the dose required to maximally inhibit the relevant target. If this cannot be assessed, then all subsequent studies will be carried out blindly. With conventional drugs, clinical researchers assume that a correct dose is being used when responses and dose-limiting toxicity in normal tissues are seen. With molecularly targeted therapies, these end points may not be reached unless there are markers of target activity that are direct or indirect. Clearly, this is not necessary if responses occur in phase I, as with the bryostatin, the partial agonist of protein kinase C (27) , and this recommendation is most relevant for drugs that do not produce a response (e.g., metalloprotease inhibitors). In some of these trials, the rate of change of the relevant markers has been used as the end point (1). The goal may not be target inhibition but rather subtle target modulation.
Several strategies have been developed to approach the problem of measuring target modulation. These begin to overlap with the current definition of a phase II trial. One approach would be the preoperative administration of drug and subsequent analysis of the drug concentration and target activity in the tumor. Many tumor types are managed with preoperative biopsies (control sample); for these cases, a comparison with non-drug-treated controls is possible. Similarly, tumors that produce effusions or metastases that allow easy retrieval of cells could be used. The prerequisite for a tissue biopsy and a demonstration of target activity would lengthen the time to complete trials and would increase the costs. Nevertheless, all subsequent trials and drug development would benefit from the knowledge that the recommended dose was correct and inhibited the target for which it was designed. Our standard histologic groupings may need to be replaced with more sophisticated stratification of tumors based on molecular genetics tests. Phase II trials of targeted therapy may not use histologic eligibility criteria but rather may enroll patients with tumors from different sites that express similar molecular markers (e.g., p53, c-myc, or Rb gene products)
There are many challenges to successfully incorporating tumor tissue analysis into the design of a clinical trial. Overcoming these challenges requires the commitment of oncologists, pathologists, human subject protection committees, and patients; substantial additional funding; and standardization of tissue sampling to ensure that the tumor is being measured. 
a "biologically effective dose" in leukocytes can guide the design of dose escalation protocols. This dose is not a "surrogate marker" because it is not replacing the need to assess the tumor target directly in future studies but is nevertheless an important pharmacodynamic measure of biologic activity. Results have been reported with a number of targets and include inhibition of tyrosine phosphorylation (29) , inhibition of tumor necrosis factor-␣ cleavage enzyme (30) , decreased expression of interleukin 6 (31) , and release of tumor necrosis factor-␣ release by protein kinase C inhibitors (32) . In some instances where no modulation of the target is observed in these "surrogate" tissues, decisions not to proceed with further testing of the agent may be accurately made without further tumor testing.
The second approach uses newer imaging techniques, including PET and MRI. PET scanning can measure blood flow, thymidine metabolism, and glucose uptake (33) . PET labeling drugs can show tissue concentrations of the drug achieved at tumor sites. An MRI can also show vascular permeability (34) and blood flow. Doppler techniques, particularly applied to breast cancer tumors, provide another useful way to assess blood flow. Many newer agents directly or indirectly modulate tumor angiogenesis (35) , therefore, inhibition of angiogenesis is a valid biologic end point. These techniques, however, need to be rigorously assessed for reproducibility and validated, which should occur in parallel with the clinical studies (e.g., reliability of repeat assessments). Use of these techniques toward the end of phase I should continue into phase II to allow assessment of long-term treatment.
Issues of scheduling, including long infusions, daily treatments, or long-term intermittent dosing, must be considered, and these issues may require novel pharmacokinetic modeling and sampling. Moreover, issues such as tissue accumulation of drug may be more relevant than plasma peaks and may not be easily measured.
Preclinical models suggest that many of the novel agents may stabilize tumor growth rather than produce tumor regression. This outcome may be valuable to patients and may be worthwhile when applied to adjuvant therapy aimed at dividing cells. Long-term dosing may be necessary to observe and maintain stabilization or response. Because many patients in phase I trials receive therapy for only a brief time, often only 1 or 2 months, the information required for evidence of biologic activity and phase II dosing may not be available from the initial dose studies. Overlap and continuous progression to phase II should be in the trial design so that fitter patients can be treated for a longer period.
It is not known whether molecularly targeted therapies will be active alone, combined with cytotoxic agents, or combined with other targeted therapies. Each of these permutations cannot be fully explored with the current preclinical and phase I design without delaying the answers well into the next century. Communication between laboratory researchers and clinical investigators is necessary to design batteries of tests that will allow early clinical trials of these therapies, based on preclinical data. Certainly, results of preclinical studies have predicted some of our current clinical combinations (such as 5-fluorouracil-folinic acid and gemcitabine-cisplatin) and may be a model for synergistic interactions that may not be predicted a priori. Novel formulations that contain two or more agents may be desirable and may allow the initiation of early trials without the difficulties inherent in coordinating the simultaneous use of a number of experimental therapies owned by different companies.
PHASE II AND BEYOND: ASSESSMENT OF EFFICACY
After phase I trials are completed, the main goal of subsequent clinical research is to define as accurately and efficiently as possible the efficacy of the new agent in a variety of malignancies. Efficacy in this context is defined as increased survival, cure rates, or quality of life. Traditionally, phase II trials have been used to screen new agents for evidence of biologic activity in multiple types of tumors before proceeding into large phase III trials in which efficacy may be convincingly demonstrated. Objective tumor regression, defined arbitrarily as a 50% decrease in the sum of the products (using the longest diameter and the corresponding perpendicular measurement) that is observed in a minimum number of patients, has been found to be a useful tool for selecting or rejecting agents for subsequent evaluation. Although not all of the agents that are selected on the basis of response results in phase II trials have been subsequently shown to improve survival, sufficient numbers have done so to validate response as a reliable phase II end point.
If stasis of tumor growth rather than tumor regression is the anticipated clinical outcome, screening agents for efficacy with standard phase II response end points may be unrewarding. Two general approaches are possible: 1) to identify surrogate end points for efficacy in phase II besides tumor response or 2) to move the new agent directly from phase I into randomized studies.
There has been much interest in the first of these suggestions: the identification of alternative end points to response that may be used to appropriately select or reject a new drug in a phase II design. However, it is important to note that any proposed alternative end point must be viewed as being experimental because, until now, only response has been used to identify agents that have an impact on survival. Possible candidate end points are as follows: time to progression, changes in tumor markers, measures of target inhibition, PET scanning, proportion of patients with early disease progression, and assessment of clinical benefit.
Although median time to disease progression has the advantage of being a well-described and standardized end point in randomized trials, it is difficult to interpret when there is no control group and when patient numbers are limited, as is the case in a phase II setting.
Tumor markers also share the advantage of being well described and easily measured. The problem with using markers as an end point to select active agents is that the use of markers alone to identify active agents has never been validated. Rustin et al. (36) suggested that, in ovarian cancer, the tumor marker CA 125 may substitute for the rate of response in phase II trials, but these data were generated in instances where the drugs also produced tumor regression. For cytostatic agents in general, it is not known whether a tumor marker will decrease with treatment and, if it does not, whether the agent can still cause tumor stasis. Another report (37) has suggested that a change in the rate of increase in a relevant marker may be a useful end point for identifying an active agent. In studies of a metalloproteinase inhibitor, patients were observed to show a decline in the pretreatment rate of increase of the serum tumor marker, an effect that also seemed to demonstrate a dose-response relationship. Randomized trials based on these data are proceeding for patients with ovarian and pancreatic cancers, and the results of these studies may contribute to validation of this end point. Furthermore, before a tumor marker is accepted as a surrogate for drug activity, it must be demonstrated that the drug under study cannot alter levels of the marker through changes unrelated to tumor burden. Such a change would be the secretion of the marker from the cell, which has been observed for some agents (38) .
Measure of target inhibition is appealing from a scientific point of view. However, because many novel agents target molecules that are only hypothetically linked to tumor growth, the inhibition of these target molecules has not yet been shown to be clinically effective. Measures of target inhibition (preferably in tumor tissue) are a more relevant end point for phase I trials where optimal dosing is the goal.
PET scanning is a nuclear medicine technique that uses radiopharmaceuticals such as 2-[
18 F]fluoro-2-deoxy-D-glucose to detect differences in tissue function and metabolism. PET scanning can predict responses early when there is corresponding evidence of clinical regression (39) . Will it, however, assess changes in tumors that result from effective cytostatic therapy when a response is not documented? This is possible, but remains to be shown. If PET scanning can only anticipate tumor regression, then this costly test is not really an alternative to response.
Progression rate (i.e., the proportion of patients whose disease progressed in the first 8 weeks of therapy and thus have a best response rating of progression) is something that the National Cancer Institute of Canada Clinical Trials Groups is exploring as a means of identifying active agents in phase II trials. In a review of the group's phase II data, agents identified as "interesting"-because they surpassed a minimum response rate (the usual phase II decision rule)-were the same agents that would have been selected because they produced less than a maximum rate of progressive disease. That is, ignoring the response rate completely would have yielded the same list of active agents. Although interesting, this idea needs to be further explored with larger datasets and with progressive disease rate criteria for accepting and/or rejecting a new drug. Retrospective and historic controls cannot be used for comparison because there is evidence that, with changes in supportive care management, there may be marked improvement in the no-treatment groups over time.
Clinical benefit response can be defined in several ways, depending on the type of cancer and the symptoms. Improvement of pain has been successfully used as an end point in the mitoxantrone-prednisone study of patients with prostate cancer (40) and in the gemcitabine trial of patients with pancreatic cancer (41) . Quality-of-life tools may be used to quantify the response and may be of more value in randomized studies of new agents.
An alternative approach to developing agents unlikely to cause tumor regression would be to forego the traditional phase II screening process and proceed directly to randomized, phase III trials. Preclinical data supporting such a development plan must be very strong to merit the investment of time and resources that this approach entails. The selected tumor type must be appropriate; i.e., there must be some scientific basis for anticipating that the novel agent would be effective in a particular disease because of the frequency of the targeted abnormality. Rules should be in place to terminate trials early for ineffective therapies or if cumulative toxic effects are observed, which phase I trials seldom reveal. Finally, some suggestion from phase I data that the new drug is inhibiting the activity of the target or is causing biologic and/or toxic changes related to effective doses would be useful.
At this time, therefore, despite the interest in defining alternative phase II end points that could identify those cytostatic drugs most likely to improve survival, no end point, except response, can be considered validated. Identification of valid alternative end points through their use in the selection of drugs that are later shown to be effective in phase III trials will take time. This time will be well spent, however, if we can avoid the need to subject every novel cytostatic agent to evaluation in large randomized trials.
LESSONS FROM NONONCOLOGY DRUGS
Traditionally, we have treated oncologic therapies as unique, with an uncompromising set of standards and guidelines. However, should these rigid standards be applied to agents that may not deserve the reputation of cytotoxic compounds and may require prolonged administration? Are there lessons that we can learn from fields outside oncology that can be applied to the evaluation of our novel agents?
The historic goal of systemic anticancer therapy has been cure. Obtaining a complete response has always been considered a necessary first step, and partial responses have been used as evidence, albeit less compelling, of activity in relatively resistant solid tumors. As new target-based therapies enter clinical trials, it is important to reconsider the goals of treatment. Cure is still a lofty and ideal goal, when feasible. However, for incurable tumors, prolonged stabilization of disease with minimal or no toxicity would be viewed as a major success. Furthermore, it could also be beneficial to slow progression of disease, if such an effect could be accomplished with modest toxicity.
This cytostatic paradigm, defined as slowing disease progression, has many parallels in therapeutics outside oncology. Three examples are tacrine for Alzheimer's disease, riluzole for amyotrophic lateral sclerosis, and prednisolone for rheumatoid arthritis.
Early clinical evaluation of tacrine in Alzheimer's disease suggested reversible dose-dependent improvement (42) . Subsequently, Davis et al. (43) conducted a 632-patient multicenter trial by use of an enrichment design. The first stage (6 weeks) of the study included random assignment of patients to one of three sequences of treatments, with each treatment lasting 2 weeks. The tacrine dose for each sequence was as follows: 1) tacrine at 0 (placebo), 40, or 80 mg/day; or 2) tacrine at 40, 80, or 0 mg/day; or 3) tacrine at 40, 0, or 80 mg/day. Only those patients (n ‫ס‬ 215) with evidence of benefit from tacrine were continued in the study. In the second stage, there was a placebo washout period, and then patients were randomly assigned to receive a placebo or to receive their best dose (40 or 80 mg/day) from the first stage. In the final stage, all patients received the dose of tacrine that gave their best response.
The concept of enrichment before randomization is important because it allows exclusion for patients who are noncompliant, who may have low tolerance for toxicity, or who are nonresponsive to the drug. The primary end point of this study was change in the Alzheimer's Disease Assessment Scale during the 6-week placebo-controlled randomization period. Tacrine was demonstrated to be statistically significantly better than placebo because there was a slower decline in the Alzheimer's Disease Assessment Scale for patients in the tacrine group (two-sided P<.001). Thus, tacrine was not demonstrated to consistently reverse the disease process, only to slow its progression.
Amyotrophic lateral sclerosis has historically been a progressively fatal neuromuscular disease without effective treatment. Riluzole was selected for evaluation in this disease because of its effects on glutamatergic transmission, hypothesized to be involved in the pathophysiology of amyotrophic lateral sclerosis (44) . Bensimon et al. (45) conducted a double-blind, placebocontrolled trial in seven French centers that enrolled 155 patients. Enrollment was enhanced by the accrual of patients with limb and bulbar disease, with subsequent stratification. The primary end points were survival and change in functional status (limb and bulbar function, symptoms, and clinical examination). The major finding was that deterioration of muscle strength was statistically significantly slower in the riluzole-treated patients (two-sided P ‫ס‬ .028). Like the tacrine study for Alzheimer's disease, riluzole did not cause disease regression but did inhibit progression.
The use of corticosteroids in rheumatoid arthritis has been controversial for years (46) . The Arthritis and Rheumatism Council Low-Dose Glucocorticoid Study Group (47) evaluated prednisolone in rheumatoid arthritis in a 13-center (all in the U.K.) double-blind, placebo-controlled study of 128 patients. Stratification was by center. More important, physicians were free to prescribe any other treatment for the patient except systemic corticosteroids. The primary end points used radiographic criteria. The study duration was 2 years. The study demonstrated decreased radiographic progression in the prednisolone group, based on either the Larsen index (two-sided P ‫ס‬ .004) or the percentage of patients with new erosions (two-sided P ‫ס‬ .007). Again, there was no remission of the disease, only a reduction in radiologic progression.
These three positive trials of drugs for neurologic and rheumatologic indications illustrate important principles that can potentially be applied to the development of cytostatic antineoplastic agents. The most important point is that phase II trials can be well-controlled randomized trials, ideally using an oral agent and a placebo (double-blind) control. A potential end point of such studies is delay of disease progression, which may require a variety of statistical tests. Survival analysis (time to disease progression) is often used in adjuvant trials but has not hitherto been used in phase II testing. Alternatively, trial designs incorporating two or more active treatment cohorts, as well as a placebo, and analyzing change in measurable disease over a fixed period may be more efficient in phase II testing.
The tacrine study illustrates the potential value of enrichment designs, which can exclude poor-risk patients before patients are randomly assigned to treatment. A particularly useful design for oncology trials may be the randomized discontinuation trial, where all of the patients can receive active treatment before being randomly assigned to treatment (48) . In this design, all patients initially receive the study drug. At the end of an initial evaluation period (2-4 months), patients with substantial disease progression or toxicity are removed from the trial, and the remaining patients are randomly assigned to continue treatment or to discontinue treatment, ideally with a double-blind placebo control.
Clearly, novel phase II trial designs will be required, which may greatly hasten the critical pathways for development of these exciting new agents. This will require a major change in the thinking of clinicians, sponsors, and regulators.
CONCLUSION
Only a few years ago, it seemed that oncology had come to a relative standstill with a paucity of new agents. We now have a large number of exciting molecular-based therapies in development and entering the clinical arena. Many of these agents target signal transduction molecules and the cancer cell environment. An international consensus is needed to define acceptable end points for targeted agents, to avoid missing activity or novel outcomes that may not fit our current paradigms. Targeted therapies may surprise us and may result in outcomes not predicted by laboratory experiments or covered by new guidelines. This will require ongoing, open discussion, creative approaches, and timely reviews of our drug development programs so that novel therapies are not overlooked.
